INTRODUCTION {#sec1-1}
============

Nosocomial infections (NIs) are one of the most important causes of mortality and morbidity in hospitals, which are more than expected regarding only patients' underlying illnesses.\[[@ref1]\] These infections constitute an important health issue worldwide as they result in economic and human resource loss.\[[@ref2]--[@ref9]\] Surveillance of NIs is a practical way to confront this matter because it provides useful data to identify infected patients, determines the magnitude of the problem, and reviles the factors that contribute to NIs.\[[@ref10]\] Many countries in the world implement NI surveillance systems to determine the incidence of infections, risk factors, unusual variation in the number of cases, and eventually facilitating the running of control programs.\[[@ref11][@ref12]\] As we are in the millennium of Health Information Technology (Health IT),\[[@ref13]\] today, surveillance may be conducted using Electronic Health Records (EHRs), as EHRs can ease collection of surveillance data and assist infection control programs.\[[@ref14]\] In addition, electronic data transfer is more rapid, efficient, and reliable\[[@ref15]\] Although most surveillance studies have been conducted in developed countries,\[[@ref16]\] only a very few have been performed in Iran. This study is the first Iranian hospital-wide prospective software based system for NIs, based on Centres for Disease Control and Prevention (CDC) National Nosocomial Infection Surveillance (NNIS) system criteria.

Iran, with a population of about 70 million, is one of the biggest countries in the Middle East. Shiraz is the capital of Fars province, the biggest province of southern Iran. Shiraz university hospitals are referral centres for approximately a quarter of patients in Iran.

In this study, we studied the feasibility of using a computer-based surveillance tool for surveillance of four major NIs: urinary tract Infection (UTI), blood stream infection (BSI), surgical site infection (SSI), and pneumonia (PNEU) in all patients who were admitted in this hospital during the study period.

METHODS {#sec1-2}
=======

Setting {#sec2-1}
-------

This study was done hospital-wide in all wards and intensive care units (ICUs) of an educational university hospital with a total of 374 beds and 77.5% annual bed occupation rate. Most of the NNIS operations like nephrectomy, cholecystectomy, herniorrhaphy, appendectomy, mastectomy, and splenectomy are being performed in the hospital.

Data collection {#sec2-2}
---------------

Data were collected prospectively through 6 months from 21^st^ March up to 22^nd^ September 2006 in all wards, ICUs, and Coronary Care Unit (CCU) of Shahid Faghihi hospital.

General patient data (name, date of birth, admission date, discharge date, gender, admitted ward) were retrieved from the Hospital Information System (HIS). All patients who were admitted in these wards were included in the study and followed until they left the hospital or died. According to the NI definition criteria in NNIS protocol, all patients who stayed more than 48 h and presented an infection after that time were labeled as nosocomial infected patients. Data of NI were collected from all patients who were admitted each day and followed with daily physical examination, review of laboratory data, patient\'s charts, chest radiographs, and interviewing the nurses and doctors in charge of patients. If a patient fulfilled the definitions for NI, the information was manually input into the surveillance software. NNIS system criteria were used to define four major NIs: UTI, PNEU, BSI, and SSIs.

Definitions {#sec2-3}
-----------

The NNIS system describes an NI as a localized or systemic infection which is caused by an infection agent or its toxins. In addition, this infection should not be present or be in incubation period at the time of admission. This means that infection should be apparent at least 48 h after admission. In present study, NNIS system criteria were used to define four major NIs. SSIs were defined as infections occurring within 30 days after the operative procedure and involving the site of incision, with at least one of the following: Purulent discharge from the site of incision or diagnosis of infection by the surgeon or attending physician, and its categorization was considered. A case of UTI was defined as a patient with the following signs or symptoms with no other recognizable cause: Fever (temperature \>38°C), urgency, frequency, dysuria, or suprapubic tenderness; and positive dipstick for leukocyte esterase and/or nitrate, physician diagnosis of UTI, or both. A case of PNEU was defined as a patient who had rales or dullness to percussion on physical examination of the chest; a chest radiographic examination showing new or progressive infiltrate; consolidation, cavitations, or pleural effusion; or new onset of purulent sputum or change in character of sputum. A case of BSI was defined as a patient who had at least one of the following clinical signs or symptoms with no other recognized cause: Fever (temperature \>38°C), hypotension (systolic pressure ≤90 mm Hg), or oliguria (\<20 cm^3^/h); blood culture not done or no organisms or antigen detected in blood; and no apparent infection at another site and physician instituted treatment for sepsis. Moreover, blood cultures were obtained on clinical suspicion of systemic infection and were processed following standard microbiological methods. BSI was also labeled if the patient had a recognized pathogen cultured from one or more blood cultures and organism cultured from blood and which was not related to an infection at another site.

Data management and statistical analysis {#sec2-4}
----------------------------------------

Chi square, *t*-test, and Fisher exact test were used when comparison was needed. One-tailed P-value of 0.05 was considered significant. The Iranian NNIS System Software is a web-based application written in Java (J2EE), using ZK, Hibernate, and Jasper Reports, which was prepared by a team of computer programmers with the First author (MA) as the head.

RESULTS {#sec1-3}
=======

During the study period, 4013 patients were admitted to the hospital wards. The median length of hospital stay was 4 days (range: 0-163 days).1868 (46.5%) of the patients were females with a mean age of 41.86±21.24 years (median=41) and 2145 (53.5%) were males with a mean age of 44.09±23.03 years (median=44). The youngest person was 1 year old and the oldest 99 years old. Median length of hospital stay was 4 days for non-infected patients and 17.5 days for infected patients, showing a significantly different length of stay between these two groups (*P*\<0.001).

According to NNIS definitions, with the exception of starting treatment by a physician, 43 cases of UTI, 29 cases of SSI, 13 cases of BSI, and 13 cases of PNEU were detected overall, with a total infection rate of 4.14, and UTI, SSI, BSI, and PNEU rates were 1.82, 1.22, 0.5, and 0.5 per 1000 patient days, respectively.

UTI, SSI, BSI, and PNEU rates were 1.07%, 0.72%, 0.32%, and 0.32%, respectively.

With the inclusion of nosocomially infected patients according to physician diagnosis and administering antibiotics, the overall infection rate was 78.2% (91.5% in surgical wards, 73.2% in medical wards, 36.9% in CCU, 24.4% in oncology ward, and 81% in ICUs); the infection rates classified by different wards are shown in [Table 1](#T1){ref-type="table"}.
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UTI rates in CCU and ICUs were significantly more frequent than in other wards (*P*\<0.000), but there was no difference between CCU and ICU (*P*=0.41). BSI rate was more frequent in oncology wards compared to surgical wards (*P*\<0.000), gynecology wards (*P*\<0.005), and ICU (*P*\<0.03), while the frequency was statistically equal in oncology, CCU, and medical wards. PNEU rate was significantly more frequent in ICUs than in all other wards. In surgical and medical ICUs, device-associated hospital-acquired infections have been documented. Infection rates and device utilization ratio are summarized in [Table 2](#T2){ref-type="table"}.
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DISCUSSION {#sec1-4}
==========

The results of this study showed that in many comparable instances, there was no significant difference in the frequency of NI in the investigated Iranian hospital and US hospitals following NNIS system according to the NNIS system results published in 1992-2004. However, the following aspects need attention and are thus highlighted. Firstly, NI detection was based on clinical grounds in most of our cases, possibly missing patients with subclinical infections. Secondly, Iranian physicians believed that they might not have reliable laboratory investigation methods and that such laboratory reports might contain many false-negative results. Finally, administration of prophylactic antibiotics was routine for surgical patients, which can obscure infection presentation. Apart from all the points mentioned above, the most important cause of possible false low infection rates might be inappropriate administration of broad-spectrum antibiotics for every febrile patient as the treatment before finding the underlying cause.

By use of the surveillance software, if we could have classified all patients staying longer than 48 h in the hospital and receiving antibiotic administration as "nosocomially infected," the overall rate of NI would have been 78.2% (91.5% in surgical ward, 73.2% in medical wards, 36.9% in CCU, 24.4% in oncology ward, and 81% in ICUs).

This observed frequency of SSI which was 1.22 per 1000 patient days in our study is lower than that reported in many similar studies from different countries (e.g. in Santa Cruz, Bolivia, 12%;\[[@ref6]\] in a single hospital in the USA, 8.6%;\[[@ref17]\] in Spain, 10.5%;\[[@ref18]\] in Brazil, 16.6%;\[[@ref19]\] in Italy, 2.9-10.6%;\[[@ref20][@ref21]\] and in Tanzania, 24%\[[@ref22]\]). However, as mentioned earlier, the most important cause which seems to be responsible for this significant difference is the high rate of administration of antibiotics in all of our surgical wards (91.5%). Rational use of antibiotics covers surgical infections, and reduces the number of hospital days as well as antibiotic use for therapeutic purposes and the sepsis-related mortality rate.\[[@ref23]--[@ref27]\] However, inappropriate use of antibiotics is still a worldwide problem.\[[@ref28]\] We showed in a previous study that antibiotics were administered inappropriately for 98% of procedures in Shiraz university hospitals that did not have indication for antibiotic prophylaxis, which supports our current results.\[[@ref23]\]

Our findings indicate that urinary tract is the most frequent site of NI (5.28%) in our area, which is in line with another study conducted in the same hospital.\[[@ref29]\]

A study in 12 hospitals in Germany showed the following: SSI rate, 32.3%; UTI, 31.9%; PNEU, 18.8%; and BSI, 3.6% during 2 months,\[[@ref12]\] which were all higher than the rates found in our present study in Iran. It must be mentioned that the encompassed population in the German study was bigger, and also, the microbiology laboratory reports were reviewed and used to document all infections.

Giovanni Battista Orsi and colleagues\[[@ref4]\] conducted a study in a big hospital in Rome and found the BSI rate to be 2%, which is higher than what we have obtained in our present study. Although their criteria were not according to NNIS definitions and they sent blood culture from any patient with signs of sepsis before antibiotic administration, it shows that appropriate cultures from suspicious patients before starting treatment, accompanied with reliable laboratory findings, help significantly to detect and document NIs.

As shown in [Table 2](#T2){ref-type="table"}, in surgical ICUs, central line utilization ratios were very high (above NNIS 90%), but the BSI rates ranged between 75 and 90 NNIS percentiles. Despite using more central lines in our center, the BSI rate was lower; but it needs to be mentioned that in surgical ICU, two patients were admitted only for hyperalimentation with no underlying condition justifying intensive care. Omitting those patients, the ratio would have decreased from 0.86 to 0.77, which again is between the 75 and 90 NNIS percentiles. In surgical ICUs, other ratios (catheter and ventilator) were low (percentile and between 10 and 25 NNIS percentile, respectively), but the infection rates were high, suggesting that in our hospital the patients are given suboptimal invasive device care. Yet, in medical ICUs, UTI and PNEU rates were lower than their utilization ratios. An important reason of this could be that it was not possible to document many of these infections because of using empirical antibiotic treatment for febrile patients before finding the cause, and unreliable laboratory findings, as mentioned earlier.

NI rates were reported previously in two Shiraz hospitals, including our hospital.\[[@ref30]\] Among 478 cardiothoracic ICU patients, UTI, BSI, and PNEU rates was 2.9, 1.7, and 3.2 per 1000 device-days, respectively. The rates are lower compared to our findings in surgical ICUs, except for BSI rates. Data were collected during the year 2000. This difference is partly explained by lack of or unsuccessful implementation of infection control strategies in our hospital during these 6 years.

Regarding the Middle East reports, among 337 Israeli adult general ICU patients, the rate of UTI reported was 14 per 1000 patients. The rates for BSI and PNEU were 12 and 20 per 1000 patients, respectively.\[[@ref31]\] In Saudi Arabia, ventilator-associated PNEU rate of 16.8 infections per 1000 patients was reported.\[[@ref32]\]

In the present study, we focused on physician diagnosis and clinical criteria for reporting NI. These criteria are included in NNIS system for NI diagnosis. Although we have reviewed the laboratory results of any sample which had been sent routinely from suspicious patients, we do not consider this as a limitation of our study. As mentioned earlier, the rate of inappropriate administration or overuse of antibiotics is very high in our area. Consequently, microbiological findings were not valid because empirical treatment had already started before taking samples. Moreover, our laboratory findings are not accurate and contain many false negatives.

In summary, the results of this study showed that the frequency of NI in the investigated hospital was not higher than that in many other reported surveillance results from other countries. This, however, might be a bias as the administration of antibiotics was very high in this study, and the quality of microbiological investigation might have been influenced significantly, resulting in more false-negative results than expected. Overall, the use of the Iranian NNIS System Software proved to be useful and allowed both rapid data collection and detailed data analysis.

The Vice-Chancellor for research at Shiraz University of Medical Sciences funded this project. This research was done in partial fulfillment by Hilda Mahmoudi as a requirement for certification as a specialist in community medicine at Shiraz University of Medical Sciences in Shiraz, Iran.

**Source of Support:** Nil

**Conflict of Interest:** None declared
